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such as echocardio 
of echocardiography is based on either obsolete technology 
(2) or expert opiriion (3). We o~de~oo~ this study to 
evaluate the clinical value of co&e porary transthoracic 
echocardiography, including two~dime~sio~a~ and 
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outpatients for both mu- 
tine and emergency studies the echocard~ogra~~ly labora- 
al, a 4~~-bed tertiary care 
tea&kg hospital, were asked t 
study of the clinical utility of 
loo0 or Sonos 8500 or an Acuson 
Regardless of the indication for the echocardiogram, each 
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patient was examined in multiple parasternd long-a& 
d measurements of left 
ventricular diameter and 
sicians who consented to
r receiving the test results. A s 
was administered. Before 
ly when ordering the echoca 
sicians were asked about he indication for the test, the 
their clinkal cardiac assessment of 
ran was collected about each patient’s 
stic tests and procedures, cardiac diagnoses 
toms. Physicians were also queried about 
whether they suspected that heir patient had left ventricular 
stenosis. Left ventricular systolic function was estimated as
normal (left ventricular ejection fraction S-X%), depressed 
fIefi ventricular ejection fraction 20?6 to 50!%) or severely 
depressed (left ventricular ejection fraction <20%). 
After receiving the results of echocardiography, physi- 
cians were interviewed again, usually within 24 h of the 
study. They were asked if the results helped them most with 
queried about whether 
Discrete variables were co 
A kappa statistic (5) was 
~tweem the result of the e~b~~dio~~rn and the physi- 
cian’s previous assessment of left ventricular systolic func- 
tion and the presence ofleft ventricular wall motion abnor- 
malities, left ventricular hypertrophy, mitral regurgitation 
(moderate or greater), aortic regurgitation (moderate or 
stenosis (va9ve arca CL.0 cm2 or peak 
g). The kappa coefficient ranges from 0 to 
I, where 0is the level of chance 
perfect agreement. A Kafka toe 
to represent that a moderate orgrea 
hat would be expected by chance. 
eSUlts 
Study sample, Between March 25 and May 9, 1991,497 
inpatients and 336 outpatients were referred for echocardi- 
on indications for study 
lefl ve~t~cula~ ~~oct~oo 
Heart murmur 
Evaluate mitral va!ve prolapse 
BQB “35 
51.3 c 20.3 55.3 + 19.2 
12 (12%) 45 (19%) 
17 (17%) 42 (18%) 
20 120%) 47 (2QR) 
6 (85%) 18.4 (78%) 
8 (77%) 174 (74%) 
Norma! aortic valve 56 (55%) 130 (55%) 
Normal aortic valve on Doppler study 54 (53%) 135 (57%) 
Normal mitrai valve 51 (50%) 104 (44%) 
Normal mitral valve on Doppler study 21 (21%) 52 (22%) 
Moderate or larger perkardial effusion !(I%) I (0%) 
*Excluded patients omde~e~t ec~~ar~~o~rap~ly at the same time as the 
study subjects, but their phy * ’ cdd not 
results were known. tp = No other 
(4%) and 101 outpatients (30%). Of 
sicians interviewed for inpatients, 82% (199 of 244) w 
house officers. In contrast, ofthe physicians interviewed for 
oMtpatie~ts, 82% (83 of 10 
two pbysicia~~ refused to 
8 ech~ardiogra~hic stu 
the physicians were ~~ava~~ab~e d 
reach them and became aware of the results before the first 
~~te~iew could be completed. 
To determine the repreaentativeness of our study sample, 
we compared studies for which physician i terviews could 
and could not be obtained (Table 1). There were no signifi- 
cant diEerences between the groups with respect o the 
Overall, physicians reported that he results of echocardiq 
raphy were of major importance topatient care in 68% of 
cases (61% outpatient and 71% inpatient). Of the 238 
echocardio~rams from whi 
this type in 191(49 of56 
o~l~at~e~ts and 1125 in
petted mew information, it was delivered in 105 OS 62% (28 of 
45 inpatients and 77 of 125 outpatients) of the cases. New 
information was also occasionally provided in cases where 
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T&h? 2. Characteristics of the Study Sample 
Inpatients Outpatients 
(n = 244) (n = 1011 
Age (yr) 68.2 f 16.2 51.3 + 20.3 
Male/female 10011 431.58 
Previous diagnostic lest5 
Echocardiography 148 (61%) 40 (40%) 
Cardiac catheterization 84 (34%) I5 (15%) 
Previous revascularization 
Percukmeous transluminal coronary angiopkdsty 22 (90/o) 5 (5X) 
Coronary artery bypass grafting 35 ( 14%) 3 (7%) 
Symptoms in the 6 weeks preceding echocardiognpkq 
Chest pain l@6 (43%) 26 (26%) 
Shortness of breath 136 (56%) 37 (37%) 
136 (56%) 36 (36%) 
28 (Ilsi) 4 14%) 
Cardiac history 
lschemic heart disease 124 (51%) 9 (9%) 
Valvular dysfunction 77 (32%) 27 (17’ii) 
CardiomyopiGby 24 (IOS) I4 (14%) 
Congestive heart failure II3 (46%) 14 (14%) 
Myocardial infarction 64 (26%) 5 (5%) 
. 
Data presented are mean value I SD or number (%) of patients. 
physicians expected only confirmation and, overall, 45% of 
the studies (44% of outpatient studies and 44% of inpatient 
studies) were said to have reported new information. 
left ventricular systolic function, wall motion and ~y~~~ 
trophy was assessed (Table 3). Among the 14 patients with 
left ventricular systolic function <20%, the diagnosis of left 
ventricular dysfunction was unsuspected in 3 (21%). A 
the patients with left ve~t~cu~a~ wall motion abnormalities. 
mong patlents wit 
gitat~o~, the diagnosis of c~i~~ca~~y signif- 
tati~~ was u~sus~ect~~ in 4 (31%) of 16 
Disagreement (c/o) 
Echo. Absent: hva 
Echocardiography” MD. Present MD, Absent MD, Absent MD, Present Statistic ? SE 
Inpatients 
Mitral regurgitationt 471243 (1%) 8 66 II I5 0.21 + 0.06 
Aortic regurgita\iont 101243 (4%) Cl 93 4 3 0.07 + 0.06 
Aoonic stenosist: 141223 (6%) 5 85 1 8 0.50 + 0.06 
LV systolic dysfunctionP 461149 (31%) 26 4s 5 24 0.36 + 0.06 
LV hypcrtrophy! 58035 (43%) 26 34 I7 23 0.20 k 0.09 
LV WMA 811198 (41%) 32 37 9 22 0.39 + 0.07 
:6197 (17%) II 48 5 35 0.16 L 0.08 
Aortic rxgur@a\iont 6ii5 (6%) 5 86 I 7 0.51 L 0.10 
Aonic sfenosisf: 2194 (2%) 2 83 0 I5 0.19 ? 0.06 
LV systolic dysfunclion8 13189 (15%) 9 71 6 13 0.30 + 
LV hypefimphyll 
0.09 
l6BO (20%) IO 69 10 II 0.35 + 
LV WMA 
0. I I 
14189 (16%) 8 78 8 7 0.43 + a.1 I 
m denominator reflects the number of studies for which this variable could be adequately evaluated and for which the physician provided a pretest 
assessment. tkkate or greater. fSevere (peak gradient Ml mm Hg or valve area -z I .O cm2k $Mild or greater (ejection fraction c.SO%). IlSum of posterior and 
SePtd walls >22 mm. Echo = echocardiographic interpretation graded as present or absent; LV = left ventricular: MD = physician assessment before 
echocardiography for each variable graded as present or absent; WMA = wall motion abnormalities. 
inpatients 
(0” = 244) 
New diagnoses 
ta-ad~engic blocking agent 
Angiotensin-convertjng~ enzyme inhibitor 
Digoxinidiuretic drug 
retie dr~~dob~tami~e 
ted current medication dosage 
significant aortic stenosis 
iag~osis of c~i~ica~iy 
unsuspected in 0 of 2 out- 
and LG.) agreed that there was evidence to 
support anew diagnosis for 18 ients and no evidence to 
support a new diagnosis for 12 ey disagreed on wbether 
there was evidence for a mew diagnosis for 14 patients. After 
view by another cardiologist (C.W.), 12 of 
for whom there was disagreement were 
Among the 244 i~~atie~ts, 25 %) were considere 
have a new diagnosis and 1 (0.4%) had a possible new 
diagnosis. The most common ew diagnoses for inpatients 
were left ventricular dysfunction (four patients), 
gurgitation (three patients) and severe aortic stenosis (four 
patients). A history of a previous echocardiogram was not 
associated with a significantly lower likelihood of having a 
new diagnosis. Although 188 (54%) of all 345 patients had a 
a new treatment. 
ies that resulted in a new diagnosis or trea 
pectively asked physicians wbetber echoca 
co~t~b~ted to new diagnoses and treatments. 
reviewed charts and eliminated those studies in 
physician’s positive response was either not consistent wi
the results of echocardiography or was a result of a trivi 
physiologic crpreviously known condition. As a result, we 
recorded fewer new diagnoses and treatments in response to
this question than those originally reported by the physi- 
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cardiography to cardiac diagnosis n I, consecuttve pa- 
tients in the late 1y3Os and found that he test supported the 
presumptive diagnosis in50% of the patients, howed unex- 
pected findings in 10% and showed normal findings in 19%. 
Another study of the clinfcal utility and m 
of M-mode chocardiqraphy in the early 
man et al. (2) found that 12% of the tests 
information not otherwise available and that 26% resulted in
ndously in the last decade, the 
physicians. We focused on the influence ofthe test result on 
patient d and management. This inquiry, however, 
does not all the ways in which a test may provide a
service. For instance, inaddition to providing new diagnoses 
and prompti ges in therapeutic strategies, tests can 
provide reas In our study, the vahte of reassu~ce 
of the test was not measured directly. We did not ascertain 
what it means to a patient or his 
to learn that aortic stenosis has 
to capture some of this info 
whether the test provided 
e and how much physicians and patients are 
it in time, inconvenience and money. 
thorough istory and physical examination. It may be diffi- 
cult to distinguish the less skilled, inexperienced or rushed 
physician who refers many patients for echocardiography 
and learns omething new from each test from the excellent 
and careful clinician who is more selective and refers only 
occasional patients yet learns something from each test. It 
may be interesting to study how many new findings detected 
phy would have been evident to an expert 
clinician. This type of study would be cumbersome and 
time-consuming, requiring a full expert history and exami- 
nation of each patient before echocardiography. Further- 
more, such an evaluation would not be an adequate substi- 
tute for the unique perspective of the patients’ personal 
physician and, most important, would not reflect current 
clinical practice. Finally, numerous studies document the 
limitations ofthe physical examination for the diagnosis and 
every effo~ was made 
most common reason for exclusion of patients was the 
physician’s knowledge of the ech~~diograpbic results at 
the time the interview as requested. Comparing the pa- 
tients included and excluded from the study, we could not 
identify any d~~e~~ce in their ages, indications for the 
study, or test results. Nevettheeless, xclusion ofsome patients 
may have biased our rest&s ifthe physicians who refused and 
their patients were different from those who participated. 
Finally, this study was conducted at a busy teaching 
hospital. The generalizability of these results to other set- 
tings is not known. Our findings may have been dramatically 
different ina nonteaching community hospital. The measure- 
ment of variation in clinical utility of diagnostic tests in 
different settings will require further study. 
Co~~~~si~~s~ This tudy provides important information 
about the use of echocardiagraphy by physicians. Physicians 
commonly expected substantial nformation from echocardi- 
ography and reported that hey received it. The echocardio- 
gram also commonly provided information that was uex- 
petted, as assessed by pretest interviews. New diagnoses or
ary Ellen White for XSiSliUNX with data entry. lo 
arilyn Riley and Sarah Katz for assistance with 1 ~est~o~flai~~s and lo the 
house stag and attending staFf of the pitad for their participla- 
lion. 
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